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(54) Transfer case with integrated planetary gear assembly and synchronized range shift 
mechanism for full-time four wheel drive 



(57) A transfer case (20) for a four-wheel drive vehi- 
cle having a planetary gear assembly (50) which inte- 
grates a gear reduction unit (52) and an interaxle 
differential (54} into a common assembly A synchro- 
nized range clutch (72) is operably associated with the 
input to the planetary gear assembly and can be selec- 
tively shifted on-the-fly for establishing high-range and 
low-range speed ratios. A synchronized mode clutch 
(132) is operably associated with the output of the plan- 
etary gear assembly (50) and can be selectively shifted 
on-the-fly for establishing two-wheel, full-time four- 
wheel and locked four-wheel drive modes. 
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Descrlptron 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates generally to s 
transfer cases for use in four-wheel drive vehicles. More 
particularly, the present invention relates to a full-time 
transfer case having a two-speed gear reduction unit 
and an interaxle differential integrated into a planetary 
gear assembly and a synchronized range shift mecha- io 
nism for permitting on-the-fly shifting between high- 
range and low-range drive modes. 
[0002] As is now conventional, many light-duty and 
sport-utility vehicles are equipped with a transfer case 
for transmitting drive torque to all four of the wheels, is 
thereby establishing a four-wheel drive mode of opera- 
tion. To accommodate differing road surfaces and con- 
ditions, many transfer cases are equipped with a gear 
reduction unit which can be selectively shifted to permit 
the vehicle operator to choose between a four-wheel 20 
high-range (i.e., direct ratio) drive mode and a four- 
wheel low-range (i.e., reduced ratio) drive mode. In 
many instances, the four-wheel drive vehicle must be 
stopped before the transfer case can be shifted 
between its four-wheel high-range and low-range drive 25 
modes. Unfortunately, the need to stop the vehicle prior 
to shifting between the available four-wheel high-range 
and low-range drive modes is inconvenient, particularly 
upon encountering road conditions or surface terrains 
where continuation of the vehicle's rolling momentum 30 
would assist in overcoming the conditions encountered. 
To alleviate a portion of this inconvenience, some gear 
reduction units have been designed which permit the 
vehicle operator to shift without stopping the vehicle 
(i.e.,"on-the-fly") from the four-wheel low-range drive 35 
mode into the four-wheel high-range drive mode. For 
example, U.S. Pat. No. 5,054,335 discloses a transfer 
case equipped with a synchronized range shift arrange- 
ment for "on-the-fly" shifting of a layshaft-type gear 
reduction unit. Alternatively commonly-owned U.S. Pat. 40 
No. 5,346,442 discloses a transfer case having a syn- 
chronized range shift arrangement for "on-the-fly" shift- 
ing of a planetary-type gear reduction unit. Finally U.S. 
Pat. No. 4,569,252 discloses a planetary-type gear 
reduction unit which permits synchronized shifting into 45 
and out of the high-range drive mode and the low-range 
drive mode. 

[0003] In addition to the gear reduction unit, many 
transfer cases are also equipped with a mode shift 
mechanism which permits the vehicle operator to selec- so 
tively shift between a two-wheel drive mode wherein 
only the rear driveline is driven and a "part-time" four- 
wheel drive mode wherein the front driveline is rigidly 
coupled for rotation with the rear driveline. Reference 
may be made to commonly-owned U.S. Pat. No. ss 
4.770,280 for disclosure of an exemplary pan-time 
transfer case equipped with a gear reduction unit and a 
synchronized mode shift mechanism. In view of 



increased consumer popularity in four-wheel drive vehi- 
cles for everyday use, the mode shift mechanism in 
some two-speed transfer cases is replaced with an 
interaxle differential which is operable for continuously 
transmitting drive torque to both the front and rear drive- 
lines while permitting speed differentiation therebe- 
tween. Reference may be made to commonly-owned 
U.S. Pat. No. 4,677,873 for disclosure of an exemplary 
full-time two-speed transfer case equipped with a gear 
reduction unit and a dual-planetary interaxle differential. 
In order to prevent traction loss due to excessive inter- 
axle slip, some full-time transfer cases are also 
equipped with a limited slip device which is operable for 
selectively or automatically basing the torque distribu- 
tion ratio across the interaxle differential while prevent- 
ing or regulating speed differentiation in response to the 
slip condition. In some systems, a lock-out clutch Is 
manually-actuated to lock the interaxle differential. 
However, other full-time transfer cases are equipped 
with a hydraulic coupling or an electronically-controlled 
bias clutch for automatically regulating the amount of 
allowable speed differentiation across the interaxle dif- 
ferential. 

[0004] In an effort to minimize the overall size of full- 
time transfer cases, it has been proposed to incorporate 
the gear reduction unit and the interaxle differential into 
a common planetary gear assembly. One such arrange- 
ment is described in U.S. Pat. No. 4.644,822 which dis- 
closes a transfer case having "back-to-back" first and 
second planetary gearsets with common components 
that can be selectively shifted to establish different four- 
wheel drive modes. Likewise, each of commonly-owned 
U.S. Pat. Nos. 5,284,068 and 5,41 1 ,447 discloses a full- 
time dual-speed transfer case equipped with an inte- 
grated planetary gear assembly that Is shifted as a unit 
to establish the different available drive modes. Finally, 
US. Pat. Nos. 4,677,875, 4,344.335, 4,215,593 and 
4,805,484 each disclose a transfer case having a com- 
mon planetary gear assembly which is operable to 
establish various drive modes through manipulation of 
one or more suitable shift mechanisms. While such prior 
art arrangements provide a compact construction, there 
is a continuing need to develop low cost, simplified alter- 
natives which meet modern requirements for low noise 
and weight. 

SUMMARY OF THE INVENTION 

[0005] It is therefore an object of the present Invention 
to provide a transfer case for a full-time four-wheel drive 
vehicle having a planetary gear assembly which inte- 
grates a gear reduction unit and an interaxle differential 
into a common arrangement 
[0006] As an additional object, the transfer case 
includes a range shift mechanism which is operaWy 
associated with the input of the planetary gear assem- 
bly and which can be selectively actuated for establish- 
ing a full-time four-wheel high-range drive mode, a 
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neutral mode, and a full-time four-wheel low-range drive 
mode. 

[0007] As a related object of the present invention, a 
synchronized range shift mechanism is provided for per- 
mitting ''on-the-f ly" shifting of the transfer case between s 
the full-time four-wheel high-range and low-range drive 
modes. 

[0008] According to another object of the present 
invention, the transfer case includes a mode shift mech- 
anism which is operable in conjunction with the outputs 
of the planetary gear assembly and which can be selec- 
tively actuated for establishing a locked four-wheel high- 
range drive mode, a locked four-wheel low-range drive 
mode, and a two-wheel high-range drive mode. 
[0009] As a related object, a synchronized mode shift 
mechanism is provided for permitting on-the-f ly shifting 
of the transfer case between the two-wheel drive high- 
range drive mode and the full-time four-wheel high- 
range drive mode when the front driveline is equipped 
with an axle disconnect mechanism. 
[0010] According to a preferred embodiment of the 
present Invention, the planetary gear assembly is oper- 
ably installed between an input shaft and front and rear 
output shafts of the transfer case and is constructed in a 
compact arrangement. The planetary gear assembly 
includes a first planetary gearset and a second plane- 
tary gearset which are interconnected by a common 
carrier assembly. The first planetary gearset is operably 
installed between the input shaft and the second plane- 
tary gearset for driving the carrier assembly at either of 
a first speed ratio (i.e., "high-range") or a second speed 
ratio (i.e., "low-range") relative to the input shaft. The 
common carrier assembly acts as the input to the sec- 
ond planetary gearset which has first and second out- 
puts respectively connected to the rear and front output 
shafts of the transfer case. Thus, the second planetary 
gearset is operable for permitting speed differentiation 
and distributing drive torque between the front and rear 
output shafts of the transfer case. A synchronized range 
shift mechanism is provided which includes a range 
clutch operable in a first range position for coupling the 
input shaft to a first component of the first planetary 
gearset for establishing the four-wheel high-range drive 
mode. The range clutch is operable in a second range 
position for coupling the input shaft to a second compo- 
nent of the first planetary gearset for establishing the 
four-wheel low-range drive mode. Finally, the range 
clutch is operable in a third range position to disconnect 
the input shaft from the first and second components of 
the first planetary gearset for establishing a Neutral 
mode. 

[001 1 ] As an additional feature, the transfer case can 
further Includes a mode shift mechanism having a mode 
clutch which Is movable between three mode positions. 
In the first mode position, the mode clutch couples the 
second output of the second planetary gearset to the 
front output shaft of the transfer case while permitting 
relative rotation between the first and second outputs of 



the second planetary gearset. thereby establishing the 
full-time four-wheel drive mode. In the second mode 
position, the mode clutch rigidly interconnects the front 
output shaft of the transfer case to the first and second 
outputs of the second planetary gearset for inhibiting 
relative rotation between the front and rear output 
shafts, thereby establishing the locked four-wheel drive 
mode. In the third mode position, the mode clutch inter- 
connects the first and second outputs of the second 
planetary gearset to inhibit relative rotation therebe- 
tween and is uncoupled from the front output shaft of 
the transfer case such that all drive torque is transmitted 
to the rear output shaft, thereby establishing the two- 
wheel drive mode. 

[0012] Additional objects, featires and advantages of 
the present invention will become apparent from study- 
ing the following detailed description and appended 
claims when taken in conjunction with the accompany- 
ing drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0013] 

FIG. 1 illustrates the drivetrain of a four-wheel drive 
motor vehicle equipped with the transfer case of the 
present invention; 

FIG. 2 is a schematic drawing of the transfer case of 

the present invention; 

FIG. 3 is a table listing the position of movable 
range and mode clutches for establishing a combi- 
nation of speed ranges and drive modes available 
with the transfer case shown in FIG. 2; 
FIGS- 4A through 4C are partial schematic draw- 
ings of an alternative mode shift mechanism 
adapted for use with the transfer case of the 
present invention; 

FIG. 5 is a partial schematic drawing of a transfer 
case according to another alternative embodiment 
of the present invention; and 
FIG. 6A and 6B are partial schematic drawings of 
yet another alternative embodiment of the present 
invention. . 

DETAILED DESCRIPTION OF T HE PREFERRED 
EMBODIMENTS 

[0014] In general, the present invention relates to the 
combination of a gear reduction unit and an interaxle 
differential in an "integrated" planetary gear assembly 
Preferably, the integrated planetary gear assembly is 
installed in the transfer case of a four-wheel drive motor 
vehicle for establishing several different combinations of 
speed ranges and drive modes. A synchronized range 
shift mechanism is operably associated with the input of 
the integrated planetary gear assembly for permitting 
"on-the-fly" shifting of the transfer case between a low- 
range speed ratio and a high-range speed ratio during 
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motive operation of the motor vehicle. Additionally, a 
mode shift mechanism is operably associated with the 
outputs of the integrated planetary gear assembly for 
permitting shifting of the transfer case between a full- 
time (i.e.. differentiated) four-wheel drive mode, a s 
locked (i.e., non-differentiated) four-wheel drive mode, 
and a two-wheel drive mode. 
[001 5] With particular reference to FIG. 1 of the draw- 
ings, a drivetrain 10 for a four-wheel drive vehicle Is 
shown. Drivetrain 10 includes a front driveline 12 and a io 
rear driveline 14 both drivable from a source of power, 
such as an engine 16, through a transmission 18 which 
may be of either the manual or automatic type. In the 
particular embodiment shown, drivetrain 10 is an full- 
time four-wheel drive system which incorporates a is 
transfer case 20 for transmitting drive torque from 
engine 16 and transmission 18 to front driveline 12 and 
rear driveline 14. Front driveline 12 is shown to include 
a pair of front wheels 24 connected at opposite ends of 
a front axle assembly 26 having a front differential 28 20 
that is coupled to one end of a front propshaft 30, the 
opposite end of which is coupled to a front output shaft 
32 of transfer case 20. Similarly, rear driveline 14 
includes a pair or rear wheels 34 connected at opposite 
ends of a rear axle assembly 36 having a rear differen- 25 
tial 38 coupled to one end of a rear propshaft 40. the 
opposite end of which is interconnected to a rear output 
shaft 42 of transfer case 20. 

[001 6] With particular reference to FIG. 2 of the draw- 
ings, transfer case 20 is schematically shown to include 30 
an input shaft 44 which is rotatably supported in a hous- 
ing 46. Input shaft 44 is adapted for connection to an 
output shaft (not shown) of transmission 18 such that 
both are rotatably driven by engine 1 6 of the motor vehi- 
cle. Likewise, front output shaft 32 and rear output shaft 35 
42 are rotatably supported in housing 46. Transfer case 
20 is also shown to include a planetary gear assembly 
50 which is operably installed between input shaft 44 
and front and rear output shafts 32 and 42. respectively 
Planetary gear assembly 50 includes a first gearset 52 40 
and a second gearset 54 interconnected by a common 
carrier assembly 56. First gearset 52 is a simple plane- 
tary gear assembly including a ring gear 58 fixed to 
housing 46, a first sun gear 60. and a set of first pinion 
gears 62 which are each rotatably supported on a pin- 4s 
ion shaft 64 and nieshed with sun gear 60 and ring gear 
58. Each pinion shaft 64 extends between a front carrier 
ring 66 and a rear carrier ring 68 which are Intercon- 
nected to define carrier assembly 56. First sun gear 60 
is fixed to a quill shaft 70 rotatably supported on rear so 
output shaft 42. 

[0017] As will be detailed hereinafter, first gearset 52 
functions as a two-speed gear reduction unit which, in 
conjunction with a range clutch 72 of a synchronized 
range shift mechanism 74, is operable to establish a first ss 
or high-range speed ratio drive connection between 
input shaft 44 and carrier assembly 56 by directly cou- 
pling Input shaft 44 to front carrier ring 66 of carrier 



assembly 56. Likewise, a second or low-range speed 
ratio drive connection is established by range clutch 72 
between input shaft 44 and carrier assembly 56 by cou- 
pling input shaft 44 to first sun gear 60. A Neutral mode 
is established when input shaft 44 is uncoupled for both 
carrier assembly 56 and first sun gear 60. 
[0018] With continued reference to FIG. 2, second 
gearset 54 is shown as a dual-planetary gear assembly 
which functions as an interaxle differential to permit 
speed differentiation and distribute drive torque 
between front output shaft 32 and rear output shaft 42. 
As will be detailed, carrier assembly 56, when driven at 
either of the high-range or low-range speed ratios, acts 
as the input of second gearset 54 and which has its out- 
puts coupled to front output shaft 32 and rear output 
shaft 42. In particular, second gearset 54 includes a 
second sun gear 76, a third sun gear 78. a set of full- 
length or second pinion gears 80 each meshed with 
second sun gear 76, and a set of half-length or third pin- 
Ion gears 82 each meshed with a con-esponding one of 
second pinion gears 80 as well as with third sun gear 
78. According to the embodiment shown, second sun 
gear 76 acts as a first output of second gearset 54 and 
is coupled for rotation with rear output shaft 42. Like- 
wise, third sun gear 78 acts as a second output of sec- 
ond gearset 54 and is coupled to a' transfer shaft 84 
which is supported for rotation relative to rear output 
shaft 42. In addition, each second pinion gear 80 is 
rotatably supported on pinion shaft 64, the opposite 
ends of which are, as noted, mounted in front and rear 
carrier rings 66 and 68, respectively, of carrier assembly 
56. Similarly, each third pinion gear 82 is rotatably sup- 
ported on a pinion shaft 86, the opposite end of which 
are likewise mounted in front and rear carrier rings 66 
and 68, respectively. According to the preferred embod- 
iment, first sun gear 64 and second sun gear 76 have 
their gear teeth located at a first radial distance from the 
principle axis shared by rear output shaft 42 and input 
shaft 44, while the gear teeth of third sun gear 78 are 
located at a second lesser radial distance relative to the 
principle axis. As is known, the number of teeth for sec- 
ond sun gear 76, third sun gear 78, second pinion gears 
80. and third pinion gears 82 can be selected to provide 
the desired drive torque distribution ratio across second 
gearset 54. 

[0019] To provide means for selectively establishing 
the high-range and low-range drive connections 
between input shaft 44 and carrier assembly 56, syn- 
chronized range shift mechanism 74 is provided in con- 
junction with first gearset 52. As noted, synchronized 
range shift mechanism 74 is operable for permitting 
transfer case 20 to be shifted "on-the-fly" between its 
high-range and low-range drive modes. As also noted 
previously, synchronized range shift mechanism 74 
includes range clutch 72 which is operable for selec- 
tively coupling input shaft 44 to either of carrier assem- 
bly 56 or first sun gear 60. In particular, range clutch 72 
includes a drive gear or hub 92 that is fixed to input shaft 
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44. Drive hub 92 has an outer cylindrical rim on which 
external gear teeth or longitudinal splines 94 are 
formed. Range clutch 72 further includes a range sleeve 
96 having a first set of internal splines 98 that are in con- 
stant mesh with external spines 94 on drive hub 92. 
Thus, range sleeve 96 is mounted for rotation with and 
axial sliding movement relative to drive hub 92 such that 
driven rotation of input shaft 44 causes concurrent rota- 
tion of range sleeve 96. Range sleeve 96 is shown to 
also include a second set of internal splines 100 which 
are offset axially from the first set of internal splines 98. 
[0020] Range clutch 72 also includes a first synchro- 
nizer assembly 102 operably located between a neutral 
hub 104 rotatably supported on quill shaft 70 and a first 
clutch plate 106 which is fixed to front carrier ring 66 of 
carrier assembly 56. Neutral hub 104 has external 
splines 108 formed thereon while first clutch plate 106 
has external clutch teeth 1 10 formed thereon. First syn- 
chronizer assembly 102 is operable for causing speed 
synchronization between input shaft 44 and carrier 
assembly 56 in response to movement of range sleeve 
96 from a neutral position (denoted by position line "N") 
shown toward a high-range position (denoted by posi- 
tion line "H"). Once the speed synchronization process 
is completed, range sleeve 96 is permitted to move 
through a blocker ring 112 and into coupled engage- 
ment with first clutch plate 106 such that its splines 100 
meshingly engage clutch teeth 110 on first clutch plate 
106. Accordingly, with range sleeve 96 positioned in its 
H position, drive hub 92 is drivingly coupled to first 
clutch plate 106 such that carrier assembly 56 is cou- 
pled to rotate at the same speed as input shaft 44 for 
establishing the high-range drive connection. 
[0021] Range clutch apparatus 72 further includes a 
second synchronizer assembly 114 operably disposed 
between neutral hub 104 and a second clutch plate 116 
which is fixed to quill shaft 70 and has external clutch 
teeth 118 formed thereon. Second synchronizer assem- 
bly 114 Is operable for causing speed synchronization 
between first sun gear 60 and input shaft 44 in response 
to movement of range sleeve 96 from its N position 
toward a low-range position (denoted by position line 
"L"). Once speed synchronization is complete, range 
sleeve 96 is permitted to move through a second 
blocker ring 120 and into coupled engagement with sec- 
ond clutch plate 1 16 such that its splines 100 meshingly 
engage clutch teeth 1 1 8 on second clutch plate 1 1 6 for 
establishing the low-range drive connection therebe- 
tween. With range sleeve 96 positioned in its L position, 
first sun gear 60 drives first pinion gears 62 about sta- 
tionary ring gear 58 such that carrier assembly 56 is 
driven at a reduced speed ratio relative to input shaft 44, 
thereby establishing the low-range drive connection. 
While only schematically shown, first synchronizer 
assembly 102 and second synchronizer assembly 114 
can be any conventional construction such as, for exam- 
ple, single-cone or dual-cone arrangements. Thus, it will 
be appreciated by those skilled in the art that any type 
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of suitable synchronizer arrangement can be used for 
facilitating speed synchronization between the compo- 
nents that are to be directly coupled. 
[0022] Range sleeve 96 is shown in its Neutral posi- 

s tlon (denoted by position line "N") whereat its splines 
100 are released from engagement with clutch teeth 
110 on first clutch plate 106 and clutch teeth 118 on 
second clutch plate 1 16 and yet are engaged with teeth 
108 on neutral hub 104. As such, driven rotation of input 

10 shaft 44 causes rotation of range sleeve 96 and neutral 
hub 104 which, as noted, is rotatably supported on quill 
shaft 70. Since range sleeve 96 does not couple input 
shaft 44 to either of clutch plates 1 06 and 1 1 6 when it is 
in its N position, no drive torque is transferred through 

15 carrier assembly 56 to front and rear output shafts 32 
and 42, respectively, thereby establishing the Neutral 
non-driven mode. While not intended to be scaled, FIG. 
2 illustrates that splines 98 on range sleeve 96 maintain 
engagement with splines 94 on drive hub 92 throughout 

20 the entire length of axial travel of range sleeve 96 
between its H and L positions. Moreover, splines 98 do 
not engage clutch teeth 1 18 on second clutch plate 116 
when range sleeve 96 is in its H position. 
[0023] As noted, second gearset 54 functions as the 

25 interaxle differential. Specifically, carrier assembly 56 is 
its input member while second sun gear 76 and third 
sun gear 78 are Its output members. Thus, driven rota- 
tion of carrier assembly 56 via coupled engagement of 
range sleeve 96 with either carrier assembly 56 or first 

30 sun gear 60 causes a predetermined torque split (i.e., 
distribution ratio) to be transmitted to rear output shaft 
42 through second sun gear 76 and to transfer shaft 84 
through third sun gear 78. As seen, a transfer assembly 
is pj-Q^j^jg^ fQj- selectively transferring drive torque 

35 from transfer shaft 84 to front output shaft 32. Transfer 
assembly 122 Includes a drive sprocket 124 rotatably 
supported on transfer shaft 84, a driven sprocket 126 
fixed to front output shaft 32, and a continuous chain 
128 interconnecting driven sprocket 126 to drive 

40 sprocket 124. 

[0024] To provide means for selectively establishing at 
least three different drive connections between second 
gearset 54 and front and rear output shafts 32 and 42, 
respectively, transfer case 20 includes a mode shift 

45 mechanism 130. Mode shift mechanism 130 includes a 
mode clutch 132 which is operable for selectively cou- 
pling transfer shaft 84 to drive sprocket 124 for estab- 
lishing a lull-time" four-wheel drive mode in which 
speed differentiation is permitted between front output 

50 shaft 32 and rear output shaft 42. Mode clutch 132 is 
also operable for selectively coupling transfer shaft 84 to 
drive sprocket 1 24 and rear output shaft 42 for estab- 
lishing a "locked" four-wheel drive mode in which speed 
differentiation is Inhibited between front output shaft 32 

55 and rear output shaft 42. Finally, mode clutch 132 is 
operable for selectively uncoupling drive sprocket 124 
from transfer shaft 84 and coupling transfer shaft 84 to 
rear output shaft 42 for establishing a two-wheel drive 
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mode in which all drive torque is delivered to rear output 
shaft 42. Drive sprocket 124 is rotatably supported on 
transfer shaft 84 since, in the preferred embodiment dis- 
closed, mode shift mechanism 130 Is provided for per- 
mitting selective disengagement of drive sprocket 124 
from transfer shaft 84 to establish the two-wheel drive 
mode in addition to the available full-time and locked 
four-wheel drive modes. 

[0025] Mode clutch 132 includes a driven hub 134 
fixed to transfer shaft 84 and having an outer cylindrical 
rim on which external spines 136 are formed, a first 
clutch plate 138 fixed to drive sprocket 124 and having 
an outer cylindrical rim with external clutch teeth 1 40 
formed thereon, and a second clutch plate 142 fixed to 
rear output shaft 42 having an outer cylindrical rim with 
clutch teeth 144 formed thereon. Mode clutch 132 also 
includes a mode sleeve 146 having a first set of internal 
splines 148 which are in constant mesh with external 
spline 136 of driven hub 134 such that mode sleeve 1 46 
can be slid axially relative thereto. Mode sleeve 146 Is 
shown to also include a second set of internal splines 
1 50 which are axially offset from the first set of splines 
148. In FIG. 2, mode sleeve 146 Is shown in a first or 
full-time four-wheel drive mode position (denoted by 
position line "4DIFF") whereat Its first set of spline teeth 
148 are also in meshed engagement with clutch teeth 
1 40 on first clutch plate 138 and its second set of spine 
teeth 150 are disengaged from clutch teeth 144 on sec- 
ond clutch plate 142. In this mode position, transfer 
shaft 84 is coupled to drive sprocket 124 such that 
driven rotation of carrier assembly 56 causes drive 
torque to be distributed between second sun gear 76 
and third sun gear 78 and respectively between rear 
output shaft 42 and front output shaft 32 while permit- 
ting speed differentiation therebetween, thereby estab- 
lishing the full-time four-wheel drive mode. Forward 
axial movement of mode sleeve 146 from its 4DIFF 
position to a second or locked four-wheel drive mode 
position (denoted by position line "4L0CK") maintains 
engagement of clutch teeth 140 with mode sleeve 
splines 148 and causes the second set of mode sleeve 
splines 1 50 to engage clutch teeth 1 44 on second clutch 
plate 142. In this mode position, relative rotation 
between second sun gear 76 and third sun gear 78 is 
prevented for likewise preventing relative rotation 
between rear output shaft 42 and front output shaft 32, 
thereby establishing the non-differentiated or locked 
four-wheel drive mode. In contrast, rearward axial 
movement of mode sleeve 146 from its 4DIFF mode 
position to a third or two-wheel drive mode position 
(denoted by position line "2 WD") causes spines 148 on 
mode sleeve 146 to disengage clutch teeth 140 on first 
clutch plate 138 and engage clutch teeth 144 on second 
clutch plate 142.. In this mode position, drive sprocket is 
uncoupled from transfer shaft 84 and relative rotation is 
prevented between second sun gear 76 and third sun 
gear 78. thereby transmitting all drive torque to rear out- 
put shaft 42 for establishing the two-wheel drive mode. 



Thus, in both of the 4L0CK and 2WD mode positions, 
second gearset 54 is locked-up for preventing speed dif- 
ferentiation. In a four-wheel drive vehicle equipped with 
a live front axle, mode sleeve 146 can be shifted on-the- 

5 fly when the vehicle is traveling in a straight line since 
there is little, if any, relative rotation between front output 
shaft 32 and rear output shaft. 
[Q026] Referring still to FIG. 2, the shift system asso- 
ciated with transfer case 20 is shown to include a range 

10 fork 150 coupling range sleeve 72 to an actuator 152, a 
mode fork 154 coupling mode sleeve 146 to actuator 
1 52, and an operator 156 for controlling selective actua- 
tion of actuator 152. Actuator 152 can be any suitable 
device that is operable to cause coordinated axial 

15 movement of range sleeve 72 and mode sleeve 146 in 
response to a particular drive mode selected by the 
vehicle operator via manipulation of operator 156. Alter- 
natively, actuator 152 can be a pair of devices sepa- 
rately connected to each shift fork. Preferably, actuator 

20 152 is a rotatable sector plate having range and mode 
cam arrangements for coordinated axial movement of 
shift forks 150 and 154 in a manner generally similar to 
that described in commonly owned U.S. Pat. No. 
5,076,1 12, which is Incorporated herein by reference. 

25 Additionally, operator 1 56 can be any suitable manually- 
actuated (i.e., a linkage coupling actuator 1 52 to a gear^ 
shift lever) or power-actuated (i.e., a gearmotor con- 
nected to actuator 152 and controlled by electric control 
signals from push-buttons or rotary switches) arrange- 

30 ment under the control of the vehicle operator for con- 
trolling actuation of actuator 152. 
[0027] Referring to FIG. 3, a table is provided listing 
the combination of range positions of range sleeve 72 
and mode positions of mode sleeve 1 46 establishing the 

35 various drive modes made available by transfer case 
20. in particular, a two-wheel high-range drive mode 
(2WD-H) is established with range sleeve 72 In Its H 
position and mode sleeve 146 in its 2WD position. A full- 
time four-wheel high-range drive mode (4DIFF-H) is 

40 established by shifting mode sleeve 146 to its 4DIFF 
position while range sleeve 72 is maintained in its H 
position. A locked four-wheel high-range drive mode 
(4L0CK-H) is established by moving mode sleeve 146 
to Its 4LOCK position while range sleeve 72 again is 

45 maintained in its H position. A locked four-wheel low- 
range drive mode (4L0CK-L) is established by main- 
taining mode sleeve 146 In its 4L0CK position while 
moving range sleeve 72 to its L position. A full-time four- 
wheel low-range drive mode (4DIFF-L) is established by 

50 moving mode sleeve 146 to its 4DIFF position while 
range sleeve 72 is maintained in its L position. A two- 
wheel low-range drive mode (2WD-L) is established by 
moving mode sleeve 146 to its 2WD position while 
range sleeve 72 is maintained in its L position. Finally, a 

55 Neutral mode is established by moving range sleeve to 
its N position while mode sleeve 146 is maintained in its 
2WD position. While the above sequence of drive mode 
requires movement of only one of range sleeve 72 and 
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mode sleeve 146 for selection of the next drive mode, 
the invention is not limited to such a sequence nor is it 
necessary that all seven of the drive modes be made 
available. In particular, the number of drive modes made 
available for selection via actuation of operator 156 can 
be selected based on the particular requirements of 
each different vehicular application. 
[0028] According to the errtoodiment shown in FIGS 
4A through 4C, mode shift mechanism 130 is now 
equipped with a synchronizer assembly 160 between 
driven hub 134 and first clutch plate 138 for permitting 
on-the-fly shifting of mode sleeve 146 between its 
4DIFF and 2 WD mode positions in those vehicle appli- 
cations where front driveline 12 is equipped with an axie 
disconnect mechanism. In particular, this arrangement 
permits front wheels 24 to be disconnected from the 
remainder of axle assembly 26 via the use of conven- 
tional vacuum-actuated locking hubs or an axle-shaft 
disconnect system when transfer case is shifted into the 
two-wheel drive mode. This on-the-fly- synchronized 
mode shift system when used in conjunction with a dis- 
connect system causes a substantial reduction in the 
inertial mass being driven by rolling action of front 
wheels 24 (i.e., front differential 28, front propshaft 30 
and front output shaft 32) which results in improved fuel 
consumption and reduced component wear. A mode 
switch associated with operator 156 can provide a sig- 
nal to the disconnect system indicating that transfer 
case 20 has been shifted into a two-wheel drive mode, 
thereby permitting subsequent disconnection of front 
wheels 24. Obviously, when transfer case 20 is shifted 
back into one of the four-wheel drive modes, the mode 
switch signal will provide an indication that front wheels 

[0029] Synchronizer assembly 160 includes a blocker 
ring 162 disposed between mode sleeve 146 and first 
clutch plate 138. When mode sleeve 146 is initially 
moved from its 4DIFF mode position toward its 2WD 
position, synchronizer assembly 160 prevents mode 
sleeve splines 148 from passing through blocker ring 
162 until speed synchronization between front output 
shaft 32 (via transfer assembly 22) and transfer shaft 84 
Is complete. Thereafter, splines 148 on mode sleeve 
146 are permitted to engage clutch teeth 140 on first 
clutch plate 138, thereby releasably coupling transfer 
shaft 84 to drive sprocket 124. 
[0030] Referring to FIQ. 5, a partial schematic view of 
transfer case 20 is shown to include a modified mode 
shift mechanism 130' wherein drive sprocket 124' is 
fixed to transfer shaft 84 such that the two-wheel drive 
mode feature has been eliminated. In particular, front 
output shaft 32 is continuously driven by third sun gear 
78 via transfer shaft 84, drive sprocket 124', chain 128, 
and driven sprocket 126. As such, mode sleeve 146' is 
supported on driven hub 134 for rotation therewith and 
axial sliding movement thereon between the 4DIFF 
position shown and the 4L0CK position. As before, with 
mode sleeve 146' in the 4DIFF position, its splines 148 



are disengaged from clutch teeth 144 on clutch plate 
1 42 to permit differentiation between second sun gear 
76 and third sun gear 78 and establish the full-time four- 
wheel drive mode. Movement of mode sleeve 146' to 

s the 4LOCK position causes splines 148 to engage 
clutch teeth 144 on clutch plate 142 to rigidly couple 
driven hub 134 to clutch plate 142, thereby inhibiting 
speed differentiation between the output shafts and 
establishing the locked four-wheel drive mode If 

10 desired, mode shift an^angement 130' could be slightly 
rearranged with mode sleeve 1 46' supported on clutch 
plate 142 for movement between a 4DIFF position 
whereat mode sleeve 146' is uncoupled from hub 134 
and a 4L0CK position whereat mode sleeve 1 46' is cou- 

15 pled to driven hub 1 34. 

[0031] Referring now to FIGS 6A and 6B, mode shift 
mechanism 130' is now equipped with a synchronizer 
assembly 160' between driven hub 134 and clutch plate 
142 for permitting on-the-fly shifting of mode sleeve 146' 

20 between its 4DIFF and 4L0CK mode positions. Syn- 
chronizer assembly 160' includes blocker ring 162 dis- 
posed between mode sleeve 146' and driven hub 134. 
Mode sleeve 146' has its splined teeth 148 maintained 
in engagement with teeth 144 of clutch plate 142 and 

25 disengaged from teeth 136 on driven hub 134 when It is 
in its 4DIFF position shown in FIG. 6 A. When it is 
desired to shift from the full-time four-wheel drive mode 
into the locked four-wheel drive mode, mode sleeve 1 46' 
is moved from its 4D1FF position toward the 4L0CK 

30 position shown in FIG. 6B. Synchronizer assembly 160' 
prevents teeth 148 on mode sleeve 146' from passing 
through blocker ring 162 until speed synchronization 
between transfer shaft 84 and rear output shaft 42 is 
complete, itiereafter, teeth 148 off mode sleeve 146' are 

35 permitted to engage teeth 136 on hub 134, thereby 
releasably coupling transfer shaft 84 for common rota- 
tion with rear output shaft 42. 

[0032] The foregoing discussion discloses and 
describes various embodiments of the present inven- 

40 tion. One skilled in the art will readily recognize from 
such discussion, and from the accompanying drawings 
and claims, that various changes, modifications and 
variations can be made therein without departing from 
the true spirit and fair scope of the invention as defined 

45 in the following claims. 

Claims 

1 . A transfer case for use in a four-wheel drive vehicle 
50 having a power source and front and rear drive- 
lines, comprising: 

a housing; 

an input shaft rotatably supported by said 
55 housing and driven by the power source; 

a front output shaft rotatably supported by said 
housing and connected to the front driveline; 
a rear output shaft rotatably supported in said 
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housing and connected to the rear driveline; 
a planetary gear assembly interconnecting 
said input shaft to said front and rear output 
shafts for delivering drive torque from the 
power source to the front and rear drivelines 
while permitting speed differentiation therebe- 
tween, said planetary gear assembly including 
first and second planetary gearsets having a 
common carrier assembly, said first planetary 
gearset including a first sun gear, a ring gear 
fixed to said housing, and a first planet gear 
rotatably supported by said carrier assembly 
and meshed with said first sun gear and said 
ring gear, said second planetary gearset 
including a second sun gear coupled for rota- 
tion with said rear output shaft, a third sun gear 
coupled for rotation with said front output shaft, 
a second planet gear rotatably supported by 
said canrier assembly and meshed with said 
second sun gear, and a third planet gear rotat- 
ably supported by said carrier assembly and 
meshed with said third sun gear and said sec- 
ond planet gear; and 

a clutch for selectively coupling said input shaft 
to said carrier assembly for driving said carrier 
assembly at a first speed ratio relative to said 
input shaft for establishing a full-time four- 
wheel high-range drive mode, and said clutch 
is further operable for selectively coupling said 
input shaft to said first sun gear for driving said 
cannier assembly at a second speed ratio rela- 
tive to said input shaft for establishing a full- 
time four-wheel low-range drive mode. 

2. The transfer case of Claim 1 wherein said clutch is 
a synchronizer clutch operable for causing speed 
synchronization between said Input shaft and said 
carrier assembly, and said synchronizer clutch is 
further operable for causing speed synchronization 
between said input shaft and said first sun gear. 

3. The transfer case of Claim 1 wherein said clutch 
includes a range sleeve rotatably driven by said 
input shaft and movable from a neutral position to a 
high-range position and a low-range position, said 
range sleeve is operable in said high-range position 
to couple said can-ier assembly with said input shaft 
and in said low-range position to couple said first 
sun gear with said input shaft, and said range 
sleeve is operable in said neutral position to uncou- 
ple said input shaft from both of said canrier assem- 
bly and said first sun gear for establishing a Neutral 
non-driven mode. 

4. The transfer case of Claim 3 wherein said clutch 
includes a first synchronizer operably disposed 
between said carrier assembly and said input shaft 
for inhibiting movement of said range sleeve to said 



high-range position until speed synchronization is 
established therebetween, and a second synchro- 
nizer operably disposed between said first sun gear 
and said input shaft for inhibiting movement of said 
s range sleeve to said low-range position until speed 
synchronization is established therebetween. 

5. The transfer case of Claim 4 wherein said clutch 
includes a drive hub fixed for rotation with said input 

10 shaft and on which said range sleeve is supported 
for rotation therewith and sliding movement thereon 
between said high-range, low-range and neutral 
positions, a first clutch plate fixed to said carrier 
assembly, and a second clutch plate fixed to said 

15 first sun gear, wherein said first synchronizer is dis- 
posed between said drive hub and said first clutch 
plate for inhibiting movement of said range sleeve 
into said high -range position whereat said range 
sleeve is coupled to said first clutch plate until 

20 speed synchronization is established therebe- 
tween, and wherein said second synchronizer is 
disposed between said drive hub and said second 
clutch plate for inhibiting movement of said range 
sleeve to said low-range position whereat said 

25 range sleeve is coupled to said second clutch plate 
until speed synchronization is established therebe- 
tween. 

6. The transfer case of Claim 1 further comprising a 
30 second clutch operably disposed between said 

front and rear output shafts and which is operable in 
a first mode for permitting speed differentiation 
between said front and rear output shafts, said sec- 
ond clutch is further operable In a second mode for 
35 preventing speed differentiation between said front 
and rear output shafts. 

7. The transfer case of Claim 6 wherein said second 
clutch includes a mode sleeve movable between a 

40 4DIFF position and a 4L0CK position, said mode 
sleeve is operable in said 4DIFF position to uncou- 
ple said third sun gear from said rear output shaft 
so as to establish said first mode, and said mode 
sleeve is operable in said 4L0CK position to couple 

45 said third sun gear to said rear output shaft so as to 
establish said second mode. 

8. The transfer case of Claim 7 wherein said second 
clutch includes a synchronizer operably disposed 

50 between said third sun gear and said rear output 
shaft for inhibiting movement of said mode sleeve 
from said 4DIFF position to said 4L0CK position 
until speed synchronization is established therebe- 
tween. 

55 

9. The transfer case of Claim 6 wherein said second 
clutch is further operable in a third mode for pre- 
venting speed differentiation between said second 
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and third sun gears while disconnecting said front 
output shaft from said third sun gear. 

10. The transfer case of Claim 9 wherein said second 
clutch is a synchronizer clutch operable for causing 6 
speed synchronization between said front output 
shaft and said third sun gear in response to shifting 
from said third mode into said first mode. 
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